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(54) RESONATOR SAW FILTER 

(57)Abstract : 

PROBLEM TO BE SOLVED: To reduce ripples furthermore by configuring electrode fingers 
of each electrode group to have different pitches so as to make a pass-band width 
broad and to improve the cut-off characteristic of the transition area. 
SOLUTION: A conductor material is vapor-deposi tted to the surface of a substrate 10 
and processed into interdigital electrodes by the method of the photolithography or 
the like to form respectively input electrodes 20 as a 1st electrode group, output 
electrodes 30 as a 2nd electrode group and reflecting electrodes 40 as a 3rd 
electrode group. One hundred and several tens of pairs of electrode fingers 21 are 
arranged to the input electrodes 20, about one hundred pairs of electrode fingers 31 
are arranged to the output electrodes 30, and about several tens of pairs of 
electrode fingers 41 are arranged to the reflection electrodes 40 at a right angle 
to the lengthwise direction of the substrate 10 at pitches of nearly 1.046|jm, 
1.048|jm, and l|jm respectively different from each other. The pitch for the input 
electrodes 20, the output electrodes 30 and the reflecting electrodes 40 is made 
different in this way, then a broad band characteristic is obtained and other 
characteristics are improved. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

;claim(s)] 

Xlaim l]ln a resonator type SAW filter which allotted the 1st electrode group to a 
center section of the surface of a substrate which consists of piezoelectric 
material, allotted the 2nd electrode group to the both sides, and allotted the 3rd 
electrode group to both outsides of these 2nd electrode group, A resonator type SAW 
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filter considering a pitch of an electrode finger of each of said electrode group as 
different composition. 

[Claim 2]The resonator type SAW filter according to claim 1, wherein multiple 
connection of the 2nd electrode group is carried out. 

[Claim 3]The resonator type SAW filter according to claim 1 or 2, wherein the 1st 
electrode group and 2nd electrode group are split-electrodes structure. 
[Claim 4]The resonator type SAW filter according to any one of claims 1 to 3 setting 
to O.Sxlambda - 0.6xlambda inter electrode distance L of the 1st electrode group and 
the 2nd electrode group that adjoins this when wavelength of center frequency of the 
2nd electrode group is set to lambda. 

[Claim 5]when based on pitch PA of an electrode finger of the 2nd electrode group, 
the pitch PB of an electrode finger of the 1st electrode group is set to M 0.99616xPA 

- 0 . 99871xPA" , And the resonator type SAW filter according to any one of claims 1 to 
4 setting pitch PC of an electrode finger of the 3rd electrode group as M 0.99234xPA 

- 0.99743XPA." 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

^Field of the lnvention]ln the resonator type SAW filter (surface acoustic wave 
= ilter) used by various kinds of apparatus for communication, insertion loss of this 
invention is small, and it relates to the resonator type SAW filter which made pass 
band width broadband-i ze . 
;0002] 

^Description of the Prior Art]ln various kinds of apparatus for communication, 
apparatus for measurement, etc. of a microwave band, the resonator type SAW filter 
using the elastic wave spread along the surface of piezoelectric material is used 
widely. Generally, resonator type SAW filters include A type SAW filter to which the 
input electrode and the output electrode have arranged two reflectors each on those 
outsides by one piece, and B type SAW filter to which the input electrode has 
arranged one piece and the output electrode has arranged two reflectors on those 
outsides by two pieces. Comparison of A type SAW filter and B type SAW filter knows 
that the B type of insertion loss is smaller and a carrier-to-noise ratio (C/N 
ratio) is good as a result. Since insertion loss will become large in proportion to 
it to broadband-i ze pass band width if it does in this way although what is 
necessary is just to reduce the logarithm of the electrode finger in each electrode, 
it is not practical. Then, in A type SAW filter, as shown in DP, 8-8690, A etc., the 
trial which attains broadband-ization is made by changing the electrode finger pitch 
of an input electrode and an output electrode. 

[0003]Al though this applicant for a patent had inquired per applying this art to 
small B type SAW filter of insertion loss, he was not able to acquire an expected 
band characteristic. Namely, drawing 2 is what shows the frequency characteristic of 
the insertion loss in B type SAW filter which used the solid electrode for the input 
electrode, the output electrode, and the reflector, The curve 1 shows the 
characteristic at the time of making equal all the electrode finger pitches of each 
electrode, and the curve 2 shows the characteristic at the time of changing the 
electrode finger pitch of an input electrode and an output electrode, in this case, 
as for the center frequency F0, the bandwidth w2 of 3.925 MHz and the curve 2 of the 
bandwidth wl of 802 MHz and the curve 1 was 4.248 MHz. Thus, when the electrode 
finger pitch of an input electrode and an output electrode is changed, frequency 
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bandwidth spreads a little, but. The value was understood that it is small and 
filter characteristics including the transient region and pass band in a pass band 
are unsymmetri cal focusing on the center frequency FO at the low-pass (l_) and high 
region (H) side. Therefore, it became clear that it was difficult to attain 
broadband-ization sufficient by having just changed the electrode finger pitch of an 
input electrode and an output electrode, and the flexibility of a design was low. 
"0004] 

Problem(s) to be Solved by the lnvention]The characteristic ideal as an SAW filter 
is as follows. 

(1) insertion loss be small and carry out [ broadband ]-izing. 

(2) Filter characteristics including a transient region and a pass band be 
symmetrical focusing on the center frequency FO at the low-pass and high region 
side. 

(3) The waveform in a pass band should be a flat (there are few ripples). 

(4) The flexibility of a design is large practical. 

This invention makes it a technical problem to provide the resonator type SAW filter 
which fills such the characteristic. 
;0005] 

^Means for Solving the Problem]ln a resonator type SAW filter which a resonator type 
SAW filter of this invention allotted the 1st electrode group to a center section of 
the surface of a substrate which consists of piezoelectric material, allotted the 
2nd electrode group to the both sides, and allotted the 3rd electrode group to both 
outsides of these 2nd electrode group, A pitch of an electrode finger of each of 
said electrode group was considered as different composition. 
;0006] 

^Embodiment of the lnvention]ln this invention, various kinds of piezoelectric 
ceramic materials besides piezoelectric single crystal materials, such as crystal, 
lithium niobate, and lithium tantalate, are used as a substrate. Electrical 
conducting materials, such as aluminum metallurgy, are vapor-deposited on the 
surface of the substrate which consists of such piezoelectric material, etching 
processing of this is carried out to it using techniques, such as a 
photolithography, electron beam lithography, or x-ray lithography, and an input 
electrode, an output electrode, and a reflector are formed in it. To an input 
electrode, set the 2nd electrode group as an output electrode, set the 3rd electrode 
group as a reflector, respectively, and the 1st electrode group an input electrode 
and an output electrode, A large number can be made into the electrode finger of a 
book and the electrode structure (blind electrode) which connected them by turns 
every [ every other (in the case of a solid electrode), or ] (in the case of split 
electrodes) two which carried out parallel arrangement, respectively so that it 
might intersect perpendicularly with the direction of movement of a surface acoustic 
wave. The reflector can consist of short circuit electrodes which carried out 
parallel arrangement, respectively so that it might intersect perpendicularly with 
the direction of movement of a surface acoustic wave and which short-circuit many 
the electrode finger or each electrode fingers, and those both ends of a book, in 
these cases, the pitch, i.e., the linewidth, and space width of the electrode finger 
in each electrode of an input electrode, an output electrode, and a reflector can 
change a size for every electrode, and they are designed so that center frequency 
may differ. The pitch and center frequency of an electrode finger in two reflectors 
are designed equally. 

[0007]ln this invention, as shown in claim 2, by carrying out multiple connection of 
the 2nd electrode group, the surface acoustic wave spread on both sides from the 1st 
electrode group can be used effectively, and the insertion loss of an SAW filter can 
be reduced by half, in this case, the pitch (center frequency) of the electrode 
finger of the 2nd electrode group of being designed equally mutually is natural, in 
this invention, as shown in claim 3, the 1st electrode group and 2nd electrode group 
can be used as split electrodes, respectively, if it does in this way, the ripple 
component in a pass band can be decreased much more, if the inter electrode distance 
L of the 1st electrode group and the 2nd electrode group that adjoins these is set 
as 0.5xlambda - 0.6xlambda when wavelength of the center frequency of the 2nd 
electrode group is set to lambda as shown in claim 4, filter characteristics can be 
kept good much more. As shown in claim 5 again, when it is based on pitch PA of the 
electrode finger of the 2nd electrode group, if the pitch PB of the electrode finger 
of the 1st electrode group is set to M 0.99616xPA - 0.99871xPA M and pitch PC of the 
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electrode finger of the 3rd electrode group is set as M 0.99234xPA - 0 . 99743xPA M , 
filter characteristics can be kept good much more. 
;0008] 

^Exampl e] Hereafter , the example of this invention is described with reference to 
drawings. Drawing 1 is shown notionally and the example of the SAW filter of this 
invention in the surface of the substrates 10, such as crystal and lithium niobate. 
Vacuum deposition of the electrical conducting materials, such as aluminum 
metallurgy, is carried out, this is processed into a blind-like electrode with 
techniques, such as a photolithography, and the reflector 40 is formed as the output 
electrode 30 and the 3rd electrode group as the input electrode 20 and the 2nd 
electrode group as the 1st electrode group, respectively. The input electrode 20 
formed in the center of the substrate 10 is the shape which arranged ten pairs of 
electrode fingers 21 at intervals of about pitch 1.046micrometer in the length 
direction of the substrate 10 in rectangular directions, and connected one end each 
of these electrode fingers 21 with either of the bus bar electrodes 22 and 23 by 
turns more than 100. Although the two output electrodes 30 set the interval L equal 
to the both sides of the input electrode 20 and are arranged, These output 
electrodes 30 are the shape which arranged about 100 pairs of electrode fingers 31 
at intervals of about pitch 1.048micrometer in the length direction of the substrate 
10 in rectangular directions, and connected one end each of these electrode fingers 
31 with either of the bus bar electrodes 32 and 33 by turns, respectively. 
[0009] Al though the two reflectors 40 set an interval equal to the both sides of the 
output electrode 30 and are arranged, These reflectors 40 arrange the electrode 
finger 41 of about ten numbers at intervals of about pitch lmicrometer in the length 
direction of the substrate 1 in rectangular directions, short-circuit the both ends 
of these electrode fingers 41 with the short circuit electrodes 42 and 43, and are 
constituted, respectively, in the above, the pair of an electrode finger shall 
adjoin it with one electrode finger connected with one bus bar electrode, and shall 
call it a couple with one electrode finger connected with the bus bar electrode of 
another side, and the pitch of an electrode finger shall say the width of an 
electrode finger. As mentioned above, the SAW filter of this invention is changing 
mutually the pitch of the electrode finger of the input electrode 20, the output 
electrode 30, and the reflector 40. 

Broadband-ization is attained by this and other characteristics are improving. 
Namely, drawing 3 so that clearly, if the characteristic in the above-mentioned 
example is shown and the curve 3, the curve 1, and the curve 2 (it is the same as 
the curve 1 in drawing 2 and the curve 2) in the figure are contrasted, in the case 
of the curve 3 (when the pitch of the electrode finger of the input electrode 20, 
the output electrode 30, and the reflector 40 is changed mutually), it is bandwidth 
w3 . It is broadband-i zed to 5.323 MHz. 
The flexibility of the design is large. 

The transient region B by the side of low-pass [ as which filter characteristics 
including a transient region and a pass band were moreover regarded / as for the 
low-pass side / (L) and high region side / for (H) by becoming a symmetrical 
waveform mostly focusing on the center frequency F0 (802 MHz) in the case of the 
curve 1 or the curve 2 ] disappears, and its filter characteristics are improving. 
[0010]By the way, a ripple remarkable in a pass band is seen in the example of 
drawing 1. Even if there is a ripple of this level, it is usable in many cases, but 
when it is requested that a ripple should be reduced more, as shown in drawing 4, it 
is good to use split electrodes as the input electrode 20 and the output electrode 
30. As for the input electrode 20 formed in the center of the substrate 10, in this 
example, one end each of ten pairs of electrode fingers 21 is connected with either 
of the bus bar electrodes 22 and 23 by turns every two more than 100, The two output 
electrodes 30 which set the interval equal to the both sides of the input electrode 
20, and have been arranged connect one end each of about 100 pairs of electrode 
fingers 31 with either of the bus bar electrodes 32 and 33 by turns every two, 
respectively, and are constituted. The two reflectors 40 which set the interval 
equal to the both sides of the output electrode 30, and have been arranged 
short-circuit the both ends of the electrode finger 41 of about ten numbers with the 
short circuit electrodes 42 and 43, respectively, and are constituted. These input 
electrodes 20, output electrodes 30, and reflectors 40 have changed the pitch of an 
electrode finger for every electrode. Incidentally, although the curve 4 in drawing 
5 makes equal all the pitches of the electrode finger of the input electrode 20, the 
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output electrode 30, and the reflector 40 and the characteristic at the time of 
using split electrodes as the input electrode 20 and the output electrode 30 is 
shown, In this case, in order for the shoulder (A portion) by the side of the high 
frequency in a pass band to fall and to narrow bandwidth, about 5.4 MHz of bandwidth 
cannot be taken, but the transient region (B portion) by the side of a low frequency 
wave is also distorted, and an operating characteristic is not enough. 
[0011]On the other hand, in the resonator type SAW filter which changed the pitch of 
the electrode finger for every electrode as mentioned above, and constituted the 
input electrode 20 and the output electrode 30 from split electrodes, As shown in 
the curve 5 of drawing 6, the ripple in a pass band was decreasing substantially, 
and the collapse by the side of a high region was lost, bandwidth is also expanded 
to 6.9 MHz, and the operating characteristic by the side of low-pass is also 
improved. The curve 6 in drawing 5 and drawing 6 shows the frequency characteristic 
of an input electrode, and the curve 7 shows the frequency characteristic by which 
the output electrode and the reflector were set. As mentioned above, according to 
this invention, pass band width broadband-i zes , and the operating characteristic of 
a transient region is also improved and a ripple component can be decreased in a 
pass band. Like the above-mentioned example, when an output electrode or one input 
electrode has been arranged on each both sides of an input electrode or an output 
electrode, insertion loss can be reduced by half by carrying out multiple connection 
of them. 

[0012]By the way, in the resonator type SAW filter shown in drawing 1 or drawing 4, 
since the pitches PB and PA of the electrode finger of the input electrode (the 1st 
electrode group) 20 and the output electrode (the 2nd electrode group) 30 differ, it 
depends for filter characteristics (output wave) on the inter electrode distance L 
of the input electrode 20 and the output electrode 30. Drawing 7 is what shows the 
characteristic at the time of changing the inter electrode distance L of the input 
electrode 20 and the output electrode 30 in the range of 0.3xlambda - 0.7xlambda to 
the wavelength lambda of pitch PA (center frequency) of the electrode finger of the 
output electrode 30, As for the curve 1, when the curve 2 is O.Sxlambda about the 
case of 0.3xlambda, the curve 3 shows the case of 0. 55xlambda, the curve 4 shows the 
case of 0.6xlambda, and the curve 5 shows the case of 0.7xlambda. It can be "judged 
that the characteristic at the time of 0.3xlambda of the curve 1 and 0.7xlambda of 
the curve 5 is a range whose characteristic of 0.4xlambda of the curves 2-4 - 
0.6xlambda the ripple in a pass band is greatly unsuitable, and is preferred so that 
clearly from these curve groups. 

[0013]Drawing 8 and drawing 9 are the characteristic figures at the time of changing 
electrode finger pitch PC of the pitch PB of the electrode finger of the input 
electrode 20, and the reflector 40 on the basis of electrode finger pitch PA of the 
output electrode 30 of the resonator type SAW filter shown in drawing 1 and drawing 
4. The curves 1-5 of drawing 8 are what shows the characteristic at the time of 
changing the pitch PB of the electrode finger of the input electrode 20 in the range 
of "lxPA - 0.99488xPA M to electrode finger pitch PA of the output electrode 30, 
Although the curve 1 (lxPA) and the curve 5 (0.99488xPA) have a greatly unsuitable 
ripple in a pass band, the range of the curves 2-4 (0.99616xPA - 0.99871xPA) is 
understood that a ripple is small and preferred. The curves 1-5 of drawing 9 are 
what shows the characteristic at the time of changing pitch PC of the electrode 
finger of the reflector 40 in the range of "lxPA - 0.98982xPA M to electrode finger 
pitch PA of the output electrode 30, Although the curve 1 (lxPA) and the curve 5 
(0.98982xPA) have a greatly unsuitable ripple in a pass band, the range of the 
curves 2-4 (0.99234xPA - 0.99743xPA) is understood that a ripple is small and 
preferred . 

[0014] Al though the above explanation was attached and stated to the example to which 
the center frequency of the input electrode and the antenna reflector was made to 
increase a little to the center frequency of an output electrode, As for this 
invention, it is needless to say that it is not limited to this, and the center 
frequency of an input electrode and an antenna reflector may be decreased to an 
output electrode, and the width of those increase and decrease is not limited to an 
above-mentioned example, either, in this invention, even if it replaces the input 
electrode and output electrode in each example, the same characteristic can be 
obtai ned . 
;0015] 

^Effect of the lnvention]As mentioned above, according to this invention, pass band 
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width broadband-i zes , and the operating characteristic of a transient region is also 
improved and a ripple component can be decreased in a pass band. 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

^Brief Description of the Drawings] 

^Drawing l]The explanatory view showing notionally the example of the resonator type 
SAW filter of this invention. 

[Drawing 2]The graph which illustrates the frequency characteristic of the insertion 
loss in the conventional resonator type SAW filter. 

[Drawing 3]The graph which illustrates the frequency characteristic of the insertion 
loss in the resonator type SAW filter of drawing 1. 

[Drawing 4]The explanatory view showing notionally other examples of the resonator 
type SAW filter of this invention. 

[Drawing 5]The graph which illustrates the frequency characteristic of the insertion 
loss at the time of adopting split electrodes as an input electrode and an output 
electrode in the conventional resonator type SAW filter. 

[Drawing 6]The graph which illustrates the frequency characteristic of the insertion 
loss of the resonator type SAW filter of drawing 4. 

[Drawing 7]The graph which illustrates the frequency characteristic of the insertion 
loss at the time of changing the inter electrode distance L of an input electrode 
and an output electrode in a resonator type SAW filter. 

[Drawing 8]The graph which illustrates the frequency characteristic of the insertion 
loss at the time of changing the pitch PB of the electrode finger of an input 
electrode to electrode finger pitch PA of an output electrode in a resonator type 
SAW filter. 

[Drawing 9]The graph which illustrates the frequency characteristic of the insertion 

loss at the time of changing pitch PC of the electrode finger of a reflector to 

electrode finger pitch PA of an output electrode in a resonator type SAW filter. 

[Description of Notations] 

10 .... Substrate 

20 .... input electrode 

30 .... Output electrode 

40 .... Reflector 

21, 31, 41 .... Electrode finger 

22, 23, 32, 33 .... Bus bar electrode 
42, 43 .... Short circuit electrode 

[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 
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[Drawing 1] 

[Drawing 2] 

[Drawing 3] 

[Drawing 4] 

[Drawing 5] 

[Drawing 6] 

[Drawing 7] 

[Drawing 8] 

[Drawing 9] 

[Translation done.] 
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